Possibility of an antiparallel (tetramer) quadruplex exhibited by the double repeat of the human telomere.
Under physiological concentrations of Na+ and K+, human telomeric DNA can self-associate into G-quadruplexes. On the basis of circular dichroism, gel electrophoresis, gel filtration, and UV-melting experiments, we report here that the double repeat of human telomere (d-TTAGGGTTAGGG; HUM2) forms parallel as well as antiparallel quadruplexes in the presence of K+, whereas Na+ facilitates only the antiparallel form. Here, the gel techniques and CD studies have proved to be complementary in detecting the molecularity and pattern of strand orientation. By correlating the gel and CD experiments, the antiparallel G-quadruplex was identified as a tetrameric species, whereas the parallel G-quadruplex was found to be dimeric. Both structural species were separated through gel filtration, which when run on native polyacrylamide gel electrphoresis (PAGE), confirmed their molecularity. UV-melting profiles also confirm the presence of two biphasic and one monophasic structural species in the presence of K+ and Na+, respectively. Though our observation is consistent with the recent NMR report (Phan, A. T., and Patel, D. J. (2003) J. Am. Chem. Soc. 125, 15021-15027), it seems to differ in terms of the molecularity of the antiparallel quadruplex. A model is proposed for an antiparallel tetrameric quadruplex, showing the possibility of Watson-Crick hydrogen bonds between intervening bases on antiparallel strands. This article expands the known structural motifs of DNA quadruplexes. To the best of our knowledge, four-stranded antiparallel quadruplexes have not been characterized to date. On the basis of the model, we hypothesize a possible mechanism for telomere-telomere association involving their G-overhangs, during certain stages of the cell cycle. The knowledge of peculiar geometries of the G-quadruplexes may also have implications for its specific recognition by ligands.